INTRODUCTION
Isabelle, the latest high-energy physics machine, is a 400 x 400 GeV Intersecting Storage-Ring Proton Accelerator currently under construction at the Brookhaven National Laboratory. The beam will be guided and focused by superconducting magnets wound from a multifilamentary Nb-Ti braid. The layout of the beam and of the beam-bending dipole magnets and beam-focusing quadrupole magnets is shown in Fig. 1 . There will be 722 dipoles and 280 quadrupoles in all.
Some details of the magnet construction are indicated in Fig. 2 . The magnet windings are surrounded by a stack of soft-iron laminations to provide the return path for the magnetic flux. The magnet assembly, complete with laminations, is placed inside the stainless steel support tube. Each tube has a 0.495-m outside During operation, each tube and its contents will be at 3.B K, the magnet temperature. The strains resulting from the differential thermal contraction between the soft-iron core and the essentially austenitic tube will give rise to a tensile hoop stress in each tube of about 210 MPa (30,000 psi). The refrigerant, helium gas at 2.07 MPa (300 psi), circulates inside each tube and creates a longitudinal stress in the wall of about 12 MPa. In addition, some frictional stress may be transferred to the tube owing to different longitudinal contraction rates of the tube and core. These stresses are well below the expected yield stresses for stainless steel at this temperature.
The tubes are centrifugally cast and then machined; the material is CFB, which is chemically the casting equivalent of the wrought grade 304. Unlike the wrought material, which is entirely austenitic, the cast material may contain some 8-ferrite; the quantity depends upon the composition and rate of solidification. Within the limits of the allowed chemical composition (ASTM Standard A 743-see first row of Table I ), CF8 may contain up to 40% 8-ferrite, although in practice amounts in excess of 20% are unusual. There is little published information on the mechanical properties of cast stainless steel at cryogenic temperatures and no systematic study of the effect of ferrite content on these properties has been carried out.
The consideration that influences the specification of the steel for the magnet tubes is that the material must not be brittle at 3.B K, to prevent the possibility of catastrophic failure starting at undetected casting defects, machining marks, or
